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1 
This invention relates fo the production of 
olefln dichlorides by chlorinating olefins while 
inhibiting the formation of chlorine substitution 
products, and more particularly fo the produc- 
tion of ethylene dichloride under conditions 
inhibiting the formation of 1,1,2-trichloroethane 
and other highly chlorinated ethanes. 
This invention is applicable fo the chlorination 
of propylene, butylene, amylene, etc. PIowever, 
since at the present rime the principal commer- 
cial demand is for ethylene dichloride, the 
descripti.çn::which follows will largely be confined 
fo the chlorination of ethylene. If will be 
understood, however, that this invention is hot 
limited fo the chlorination of ethylene and 
includes the chlorination of other olefins, partic- 
ularly propylene, to produce olefin dichlorides. 
If is an object of this invention fo provide an 
improved method of chlorinating olefins, partic- 
ularly ethylene fo produce olefln dichlorides 
under conditions inhibiting the formation of 
chlorine substitution products. 
Other objects and advantages of this invention 
will be apparent from the following detailed 
description thereof. 
This invention is based on the discovery that 
iron oxide when present during the reaction of 
ethylene and chlorine in a body of liquid ethylene 
dichloride into which the reactants are intro- 
duced functions fo inhibit substitution reactions 
and hence results in an improvement in the yield 
of ethylene dichloride and in the production of 
an ethylene dichloride product substantially free 
of impurities. 
Iron oxide may be added as such, for example, 
by the addition of pieces of rusty iron fo the body 
of liquid ethylene dichloride into which the eth- 
ylene and chlorine are introduced, additional 
iron oxide being added, iî needed, from rime fo 
rime to maintain an appreciable amount of iron 
oxide in the reaction zone where the chlorine 
and ethylene combine to form ethylene dichlo- 
ride. The amount of iron oxide present in the 
reaction zone is hot critical as long as an appre- 
ciable concentration of iron oxide is maintained 
in this zone. Preferably, the iron oxide is pro- 
duced in situ in the body of ethylene dichloride 
by the reaction of oxygen or an oxygen contain- 
ing gas, e. g., air, with iron present in the reac- 
tion zone. Desirably, an oxygen containing gas 
is added fo the ethylene gas stream, passed into 
the body of ethylene dichloride containing iron, 
so that the iron is oxidized, producing iron oxide 
in situ in the reaction zone. In this way as long 
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as oxidizable iron is present in the reaction zone 
the formation of iron oxide vhich inhibits sub- 
stitution reactions is insured. 
The temperature af which the reaction is car- 
{ ried out may be any temperature af which the 
olefin dichloride into which the olefin and chlo- 
rine are introduced remains in the liquid phase 
under the pressure conditions employed. Desir- 
ably the reaction of ethylene and chlorine fo 
I0 produce ethylene dichloride is carried out within 
the range of from 70 ° fo 200 ° F., preferably frora 
110 ° fo 150 ° F. The reaction may be effected at 
any desired pressure af which the olefin dichlo- 
ride into which the olefin and chlorine are intro- 
15 duced remains in the liquid phase; for example, 
in the production of ethylene dichloride a pres- 
sure within the range of from 0 fo 250 pounds per 
square inch gauge, preferably from about 25 fo 
about 50 pounds per square inch gauge, is main- 
2{} tained in the reaction zone. 
The reactants are supplied in proportions such 
that there is an excess of olefin over and above 
the stoichiometric amount required fo react with 
the chlorine to produce olefin dichloride. While 
25 the amount of this excess is hot critical, in the 
interests of economy an excess of from 2 o 4{1 
mol percent., preferably 5 fo 25 mol percent, eth- 
ylene, over and above the stoichiometric amount 
required fo react with the chlorine to p,roduce 
30 ethylene dichloride is preferred. 
The reaction may be conducted in any suitable 
equipment reasonably resistant fo corrosion by 
the reactants and reaction product. Steel equip- 
ment bas been round satisfactory. 
35 The accompanying drawing illustrates dia- 
grammatically one form of apparatus suitable for 
the practice of this invention. 
In the drawing |0 indicates a cylindrical reac- 
tion tower containing a body | ! of olefln dichlo- 
40 ride and provided with a water jacket 12 for cir- 
culating cooling water therethrough fo remove 
the exothermic heat of reaction and retain the 
desired temperature conditions within the reac- 
for. The base of the reactor is provided with an 
45 inlet 13 for olefin or a mixture of olefin and oxy- 
gen and a second inlet 14 for chlorine. The 
chlorine inlet 14 desirably is disposed above the 
inlet 13, as shown in the drawing. A thermom- 
eter well 15 extends within the reactor for the 
0 reception of a series of thermocouples indicating 
the temperatures within the reaction zone. 
The top of reactor I is provided with a line 
! equipped with a pressure control valve I for 
maintaining the desired pressure conditions with- 
5 in the reactor. Unreacted gases Ieave reactor I{} 



through line 6 and flow through valve 17 into a 
condenSer 6 for condensing olefin dichloride 
vapors carried out of the reactor in the vapor 
phase with the off-gas. Uncondensed gases leave 
condenSer  8 through line  9. The base of reactor 
8 is equipped with a product drawoff 2} provided 
with a valve 2 . leactor 18 desirably is provided 
with a gauge glass  indicating the level of the 
body of olefin dichloride   therein. 
The four examples which follow are illustrative 
of the invention carried out in equipment, such 
as shown in the drawing. In all four examples a 
steel reactor was used having a diameter of 4" 
and height of 8'. The ethylene used analyzed 
as follows:. 
Per cent 
Ethylene gas by volume ........ minimum__ 95 
Methane a.nd ethane .......... maximum__ 5 
Carbon dioxide ..................... do .... 0.5 
Acetylene ......................... do .... 0.5 
Acetone ................................. 0.3 
Oil __. .................................. None 
Foreign material ......................... None 
Higher olefinS ................. maximum__ 0.5 
The reaction products throughout the runs 
were analyzed by standard distillation procedure 
fo determine their ethylene dichloride content. 
It will be understood this invention is hot lim- 
ited to these examples. 
Example I 
FiftY pieces of /2'" x /2" rusty steel pipe ¢ere 
suspended in the reactor just above the chlorine 
gas inlet. 25.25 pounds of ethylene dichloride 
were placed in the reactor. Chlorine was fed to 
the reactor at a rate of 4.39 pounds per hour and 
ethylene at a rate of 2.3 pounds per hour. Thus 
75% of the theoretical amount of chlorine re- 
quired to react with-the ethylene to form ethylene 
dichloride was supplied. The chlorine and ethyl- 
ene were continuously fed fo the reactor which 
was maintained at a pressure of 30 pounds per 
square inch gauge. During operation the level 
of the body of ethylene dichloride within the 
reactor was 42" above the base of the reactor. 
Reaction product was withdrawn at a rate of 
5.87 pounds per hour. This run lasted for 21 
h0urs. The temperature at the top of the reactor 
throughout the run was 83 ° F.; at the middle it 
was 113 ° F.; and at the base it was 129 ° F. At 
the end of the 4th hour the reaction product then 
withdrawn was analyzed and found to contain 
99% ethylene dichloride. At the end of the 8th 
hour the reaction product then 'withdrawn was 
analyzed and round to contain 99 % ethYlene di- 
chloride. At the end of the 11th hour the reac- 
tion product then withdrawn was analyzed and 
round to contain 97% ethylene dichloride. At 
the end of the 20th hour the reaction product 
then withdrawn was analyzed and found to con- 
tain 97 % ehylenë dichloride. 
Example II 
FiftY-two clean pieces of steel pipe rings were 
suspènded above the chlorine in!et. 20.5 pounds 
of. ethylene dichloride were introduced into the 
reactor. Chlorine was fed at the rate oî 4.18 
pounds per bout; the ethYlene ata rate of 2.3 
pounds.per hour. Thus, 72% of the theoretical 
amount of chlorine required fo react with the 
ethylene was introduced into the reaction zone. 
Air was continuous!y îed into the ethylene stream 
at the-rate of .24 pound per hour. 5.6 pounds of 
reaction product were withdrawn per hour. The 
level of the ethylene dichloïide within the reactor 
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vcas 34" above the base. The reactor as main- 
tained ai a pressure o 30 pounds per square inch 
gauge throughout this run which lasted for 34 
hours. Ehe temperature at the top o the reactor 
5 was 85 ° F., in the middle 122 ° F. and af the bot- 
tom 129 ° F. Peaction product withdrawn at the 
end of the 2nd, 6th, 10th, 14t.h, 16th, 20th, 24th, 
28th and 32nd hour was analyzed and round to 
contain, respectively, 99.5%, 99.5%, 99%, 97%, 
]0 98%, 99%, 99%, 98%, 98% ethylene dichloride. 
Example III 
This example differed from Example iI chiefly 
in that chlorine was fed ata somewhat higher 
]5 rate, namely, 4.8 pounds per hour so that the 
amount oï chlorine introduced into the reaction 
zone was 82% of the theoretical amount required 
to react with the ethylene to produce ethylene 
dichloride. 6.1 pounds of reaction product per 
20 hour were withdrawn during this run which 
lasted 7 hours. The level of eth:lene dichloride 
within the reactor was 30" above the base and 
the temperature conditions at the top, middle 
and bottom of the reactor were, respectively, 84 ° 
25 F.,118 ° F., and 130 ° F. Reaction product with- 
drawn af the end of the 2nd, 4th, 6th and 7th 
hours, respectively,, was analyzed and round to 
contain 99.5%, 99.5%, 99% and 99% ethylene 
dichloride. 
30 Example IV 
In this example 16.75 pounds of ethylene di- 
ch]oride were charged into the reactor which was 
packed to a height of 18" with /2" x /2" steel 
35 pipe rings covered by a small amount of rust. 
The ethylene was introduced into the reactor at 
the rate of .074 pound mols per hour and the 
chlorine ata rate of .068 pound mols per hour. 
During the first 16 hours of operation no air was 
mixed with the ethylene introduced into the re- 
40 
actor. At the end of the 2nd, 6th, 12th and 16th 
hours of operation the reaction pr0duct with- 
drawn from the reactor was analyzed bY distil- 
lation and round fo contain 98%, 99%, 88% and 
80 % ethYlene dichloride, the rest being trichloro- 
45 ethane and other higher chlorination products of 
ethylene. From this itis evident that during 
the first six hours of operation the iron oxide 
present on the steel rings inhibited the formation 
of higher chlorination products of ethylene, but 
50 that after the 6th bout, when the iron oxide had 
been removed, the steel rings no longer exercised 
any appreciable inhibiting effect on the substitu- 
tion reactions. 
After the 16th hour air in amount of .0028 
55 pound mols per hour was mixed with the ethyl- 
ene and the air-ethylene stream passed through 
the reactor, the run being continued for another 
4 hours. At the end of the 2nd hour of the con- 
tinuation of the run the reaction product with- 
60 drawn was analyzed and round to contain 95% 
ethylene dichloride and 5 % chlorination products 
of ethylene. After two more hours of operation 
the reaction product then withdrawn was ana- 
lyzed by distillation and round to contain 99% 
65 ethylene dichloride and 1% higher chlorination 
products of ethylene. 
This example demonstrates that the small 
amount of rust on the steel rings initially intro- 
duced into the reactor was sufIicient to inhibit 
70 substitution reactions for well over six hours, that 
after 16 hours oï operation the inhibiting effect 
of the iron oxide had been substantially lost, and 
that the introduction oï air with the ethylene 
effecting oxidation of the ircn to produce iron 
T oxide in situ rapidly restored the desired condi- 
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tions within the reactor inhibiting substitution 
reactions. 
The following example is illustrative of the 
production of propylene dichloride in accordance 
with çhis invention. This exarnple was carried 
out in a glass reactor having a diarneter oï 2" 
and height of 41 ° waterjacketed to permit cool- 
ing. The propylene inlet was ai the base and the 
chlorine was introduced about 8" above the base. 
The reactor was packed with iron nails. Before 
the start of the run the packed reactor was fllled 
with pure propylene dichloride. As çhe run pro- 
gressed, liquid product and off-gas were led frorn 
the top of the reactor, first to a product trap and 
thence to a gas scrubber. In the run embodying 
this invention oxygen was added to the propylene 
feed. For purposes of comparison a run was 
ruade under substantially the sarne conditions 
and in çhe saine equipment except that the re- 
actor was packed with ¼'" ceramic saddles in- 
stead of the iron nails and no air or oxygen was 
added to the propylene ïeed. Data on these two 
runs were as follows: 

Run Em- Compsra- 
bodying 
This ] tire Run 
Invention ] __ 
Duration in hours ........................... 7. 5 5. 5 
46 
Reactor temperature, °ç .................... I 45 
Chlorine, Grams Molsfhr .................... 
Propylene, Gram Mo/s/hr ................... ] 5. 90 5.90 
Chlorine, Mol Per cent of theory ............ 83 91 
0xygen, Per cent in Propylene Feed ........ ] 15. 5 nfl 
Product Analysis of Product Withdrawn ai 
End of Run Per cent by Weight: 
Propylene Dichloride ................... 90 65 
Higher Chlorination Products ............ 0 35 

It will be apparent from the above that the 
use of oxidized iron, introduced as such or pro- 
duced in situ, inhibits substitution reacti0ns and 
irnproves the yield of olefin dichlorides. This in- 
vention results in the production of ethylene di- 
chloride substantially free of impurities. 
In practicing .the process of this invention to 
produce propylene dichloride, propylene dichlo- 
ride is employed as he liquid medium into which 
he propylene and.chlorine are introduced. Like- 
wise when making other olefin dichlorides the de- 
sired olefin dichloride reaction producç is em- 
ployed as the liquid medium into which the ole- 
fin and chlorine are introduced. In this way con- 
amination of he reaction product is avoided. 
It is o be understood that this invention is 
aoç restricted to the present disclosure oher- 
.wise than as defined by the appended claires. 
What is claimed is: 
1. The process of preparing an olefin dichlo- 
ride, which comprises reacting an olefin and 
.chlorine in a liquid body of said olefin dlchloride 
and in the prescrire of relatively small pieces of 
iron oxide immersed in said liquid body of o!e- 
fin dichloride as an inhibitor for substitution re- 
.actions. 
2. The process of preparing an olefin dichlo- 
ride as defmed in claire 1, in which the iron oxide 
is produced in siu by reaction of iron added as 
such to the liquid body .of olefin dichloride and 
oxygen introduced into said body of o]efin 
.chloride. 
3. The process of preparing an olefin dichlo- 
ride, which comprises feeding an excess of ole- 
fro over and above the stoichiometric amount re- 
quired te react with chlorine ço produce said 
olefin dichloride and chlorine into a liquid ,body 
of said olefin dichloride, and reacting said ole- 

fin and chlorine o produce satd olefln dichlo- 
ride in said liquid body in he presence of rela- 
.tively small pieces of iron oxide immersed in said 
liquid body as an inhibitor for subs.çitution re- 
5 actions. 
4. The process of preparing an olefin dichlo- 
ride as defmed in claire 3, in which the. iron oxide 
is produced in si.tu by reaction of iron added as 
such to the liquid body of olefln dichloride and 
10 oxygen introduced into said body of olefin di- 
chloride. 
5. The process of preparing an olefin dichlo- 
ride, which comprises maintairdng a liquid body 
of said olefin dichloride, immeïsing in said liquid 
1,5 body ïelatively small pieces of iron oxide as an 
inhibitor for substitution reactions, passing an 
olefin and chlorine ino said body of olefin di- 
chloride, the amoun of said olefin being in ex- 
cess of çhe stoichiomeçric amount required  re- 
20 art with chlorine ço produce said olefln dichlo- 
ride and reacting said olefin and .chlorine in said 
liquid body in the prescrire of said relatively 
small pieces .of iron oxide to produce said ole- 
fin dichloride. 
25 6. The process of preparing ethylene dichlo- 
 ride, which comprises reacting eçhylene and 
chlorine in a liquid body of ethylene dichloride 
__ and in the presence of rela.tively small pieces 
of iron oxide immersed in said body of ethytene 
3O dichloride as an inhibitor for substitution re- 
.actions. 
7. The process of preparing ethylene dichlo- 
ride as defined in claire 6, in which the iron oxide 
is produced in situ by reacçion of iron added as 
35 such to said body of ethylene dichloride and 
oxygen introduced into said body of ethylene 
dichloride. 
8. The process of preparing ethylene dichlo- 
ride, which comprises feeding an excess of ethyl- 
ene over and above the stoichiometric amount re- 
40 
quired to react with chlorine to produce ebylene 
dichloride and chlorine into a liquid body of 
ethylene dichlo.ride, reacting said ethylene and 
chlorine in said liquid body in the presence of 
relatively small pieces of iron oxide immersed in 
45 said body of ethylene dichloride as an inhibitor 
or substitution reactions to produce ethylene 
dichloride, and recovering the ethylene dichlo- 
ride thus produced. 
9. The process of preparing ethylene dichlo- 
5 ride as defined in claire 8, in which the iron oxide 
is produced in situ by reaction of iron added 
as such fo said body of ethylene dichloride and 
oxygen introduced inbo said body of ethylene 
di.chlo,ride. 
. 10. The process of preparing ethylene dichlo- 
ride, which comprises mainaining a body of 
liquid ethylene dichloride, introducing into said 
body of liquid eçhylene dichloride relatively small 
pieces of iron oxide, passing ethylene and chlo- 
,;, rine into said body of ethylene dichloride, the 
amounç of ethylene thus passed into said body 
being in excess of the stoichiometric amount re- 
quired o reac.ç with chlorine fo produce ethylene 
dichloride, rea«ting said ethylene and chlorine 
5 in said liquid.body in the presence of said rela- 
tively small pieces of iron oxide ai a tempera- 
çure of from 110 ° fo 150 ° F. and under sper- 
atmospheric pressure to. produce ethylene dichlo- 
ride, and recovering çhe ethylene dichloride thus 
ï} produced. 
11. The process of preparing ethylene dichlo- 
ride, which comprises feeding chlorine, ethylene 
 and oxygen over relatively small pieces of iron 
immersed in a body of eçhylene dichloride and 
7 reacçing the chlorine and ehylene fo produce  
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7 
ethylene dichloride while simultaneously produc- 
ing in situ iron.oxide by reaction of the relatively 
small pieces of iron and the oxygen which iron 
oxide acts as an inhibitor for substitution reac- 
tions between chlorine and ethylene. 
12. The process of preparing propylene dichlo- 
ride, which comprises reacting propylene and 
chlorine in a liquid .body of propylene dichloride 
and in the presence of relatively small pieces of 
iron oxide immersed in suid body of propylene 
dichloride as an inhibitor for subs.titution reac- 
ions. 
13. The process of preparing propylene dichlo- 
ride as defined in claire 12, in which the iron 
oxide is produced in situ by reaction of iron 
added as such fo .the body of propylene dichlo- 
ride and oxygen Jntroduced ino said body of 
propylene dichlorid.e. 
RO'BEIT REPP IEESE. 
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